Objectives-The role of occupational exposures in hairy cell leukaemia (HCL) was investigated through a multicentre, hospital based, case-control study. This paper analyses the role of exposure to benzene in HCL. Methods-A population of 226 male cases of HCL and 425 matched controls were included in the study. Benzene exposure was evaluated by expert review of the detailed data on occupational exposures generated by case-control interviews. Results-No association was found between HCL and employment in a job exposed to benzene (odds ratio (OR) 0-9 (95% confidence interval (95% CI) 0.61-3)). The sample included 125 subjects, 34 cases (15%), and 91 controls (21%) who had been exposed to benzene, as individually assessed by the experts, for at least one hour a month during one of their jobs. Benzene exposure was not associated with a risk of HCL (0)(1) (2) (3) (4) (5) (6) (7) (8) (0.5-1.2)). No trend towards an increase in OR was detected for increasing exposures, the percentage of work time involving exposure to > 1 ppm, or the duration of exposure. No findings suggested a particular risk period, when the OR associated with the time since first or last exposure, or since the end of exposure, were examined. Conclusions-In conclusion, with the low exposures prevalent in the sample, the study did not show any association between benzene exposure and HCL. (Occup Environ Med 1996;53:533-539) 
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(Occup Environ Med 1996;53:533-539) Keywords: case-control study; leukaemia hairy cell; benzene To date, few epidemiological studies have investigated hairy cell leukaemia (HCL), a rare B-lymphoid chronic leukaemia. However, the fairly precise definition of this disease makes it an interesting model for epidemiological research on malignant diseases of the blood as its aetiology is thought to be less heterogeneous than those of the more common groups of leukaemia.
Pure benzene and petroleum distillates containing a percentage of aromatics including benzene have been very widely used, particularly as starting materials for numerous chemical syntheses, as diluents for inks, paints, and adhesives, and as degreasing agents. Particularly high exposures have occurred in the footwear, chemical, rubber, and printing industries. The petrol currently used as vehicle fuel contains 1%-5% benzene, giving rise to lower exposures, but exposure is very frequent in the general population.
Benzene has been clearly shown to play a causal part in leukaemia, on the basis of both experimental and epidemiological evidence. ' The epidemiological data supporting the conclusion that benzene is carcinogenic in man were generated in working environments in which exposures were particularly high.2-6 The risk is much more obvious for acute myeloid leukaemias. The survey conducted on 1006 members of the personnel of Pliofilm, a United States rubber manufacturing corporation, between 1940 and 1959, strongly contributed to establishing the leukaemogenic effect of benzene." A very clear relation between exposure and risk was found with cumulative exposure.6 Extrapolation of this relation to estimate the risk associated with low doses has been the subject of controversy.78 No case of chronic lymphoid leukaemia (CLL) was found in this cohort, but there were four cases of multiple myeloma, three of which occurred more than 20 years after the start of exposure. The exposures were lower in these multiple myelomas and an exposure response gradient was not present.
One study has detected a high risk of CLL in subjects also exposed to solvents other than benzene in the rubber industry.9 Case-control studies conducted in one of the corporations included in the cohort showed a relation between CLL and solvents other than benzene, particularly carbon tetrachloride, carbon disulphide, and acetone. ' investigated a large series of cases and suggested that the male predominance of the disease could be related to environmental factors, especially to benzene and ionising radiation. '8 The present study investigates the relation between HCL and occupational benzene exposure in a large sample (226 male HCL cases and 425 matched controls) for which exposure was assessed by expert review of specific interview data on a case by case basis.
Subjects and methods

SELECTION OF CASES AND CONTROLS
Retrospective recruitment of cases and controls was conducted in 18 hospitals spread through most of France (Angers, Bayonne, Bordeaux, Caen, Chambery, Lille, Limoges, Lyon, Nancy, Nantes, Nice, Nimes, Paris, Poitiers, Rennes, Rouen, Strasbourg, Toulouse). All the cases, including dead cases, diagnosed from January 1980 to January 1990, were identified and recorded, but data were only obtained from the survivors. All diagnoses were histologically confirmed.
The controls were selected from contemporary inpatients, mainly in orthopaedic and rheumatological departments, from the admission lists for the 10 year period. The choice of the source departments for controls was mainly governed by the practical need to target the same age bracket as that of the cases, without preferentially selecting certain diseases (especially those related to occupational exposures, smoking, or alcohol consumption), habits, or socioeconomic status, and by the need to concentrate retrospective sampling on a restricted number of admission records in each city. Subjects admitted for malignant disease, disease related to occupation, or work accidents were not eligible as controls. Controls were individually matched with each case on the basis of sex, birth date (± 3 years), admission date (± 3 years) and residence (inside or outside the administrative area-dtpartement-in which the hospital was located). An attempt was made to match two controls with each case.
The cases and controls were sent a questionnaire designed for self administration. Nonresponders were sent the questionnaire at most two more times. If a control had not responded after three requests to do so, he was replaced by another control from the list, with the same selection criteria.
In all, 378 male cases were identified from the records of 18 haematology departments. From these, 226 living cases (60%) were included. Out of the 152 cases excluded, 100 had died (68 before 1984), and 52 did not return the questionnaire. A total of 809 men were eligible as controls and were sent the questionnaire. The completed questionnaire was returned by 465 potential controls (57%). Forty responders had to be excluded because their individually matched cases were dead or non-responders and because they could not be matched with other cases. A total of 425 male controls were thus finally included. Table 1 shows the distribution of the reasons for admission to hospital. Finally, 30% of the cases were matched with a single control, 56% with two controls, and 14% with three to five controls.
DATA COLLECTION
The self administered questionnaires included questions on sociodemographic characteristics, tobacco smoking, lifelong occupations, and leisure activities. Complementary questionnaires were given to subjects when professional exposure to organic solvents was suspected. The interviews were conducted by telephone, by occupational health physicians who received specialised training. Both the patients and interviewers were blind to the hypotheses underlying the study.
Specific semistructured questionnaires were designed to allow the experts to conduct case by case reviews to assess solvent exposure. The questionnaires included both open questions to elicit description of the workplace and closed questions to define the tasks accomplished, products handled, and working conditions. Specialised questionnaires were used for garage workers (mechanical maintenance and body work repair tasks), for the exposures of machine tool operators, fitters, mechanics who degreased metal parts, for all other jobs involving degreasing (glass, textiles, etc), for professions involving the use of paints or adhesives, and for workers in the printing industry. For workers in laboratories and the chemical industry the interview simply covered a detailed description of the work station, products used, and working conditions, and no specific questionnaire was given.
EXPOSURE DEFINITION
Before the study, the experts, two of the authors with extensive experience in industrial health and hygiene (FC and JCL), compiled a list of the jobs liable to involve exposure to benzene. Jobs were coded with International Labour Office nomenclature's and industrial sectors were coded with international standard industrial classification (ISIC) nomenclature. Only jobs lasting at least six months were considered.
Also, the experts, blind to case-control status, conducted a case by case assessment of exposure to benzene. They reviewed the consistency of the subjects' statements for calendar period, type of industry, job title, and type of exposure. An effort was made to assess benzene exposure and to standardize the expert process.2' As very different scales-for example, linear or exponential-may be classified in terms of low, moderate, and high exposures, an attempt was made to obtain a score that parallelled atmospheric concentrations (ppm). Benzene exposures were evaluated first within job categories then across these categories to facilitate the classification of exposures to pure benzene, petrol, and nondearomatised mineral spirit between jobs.
From published data,'522-26 and the levels tolerated at various times, a probable exposure was estimated for each of the tasks targeted in the questionnaire and the scores were expressed in "ppm". The quote marks are used deliberately, as "ppm" denotes a score and not the result of a quantitative measurement of concentration. The overall for a given job was calculated as the weekly cumulative exposure for the various tasks divided by 40 hours, as the time weighted average (TWA) is a standard reference value in industrial hygiene.
Several lifelong exposure variables were constructed. A dichotomous exposure variable was defined as handling benzene or a product containing benzene for at least an hour a month in any one job held for at least six months. The TWA exposure was calculated for each job from the "ppm" score estimated for each task. Lifelong exposure was then estimated with three indices: (a) maximum exposure-that is, the level in the most exposed job in the subject's working history; (b) cumulative exposure-that is, the sum of the products of job exposure levels and job durations; (c) mean exposure-that is, cumulative exposure divided by the total duration of exposure.
Also, the work time devoted to tasks giving rise to exposure of at least 1 "ppm" was calculated for each job. The mean weekly percentage of time with exposure to > 1 "ppm" during the exposed period (the total duration of work with exposure > 1 "ppm" divided by the total duration of exposure) was then calculated for each subject's whole life. Table 3 shows the association described previously28 between smoking and HCL and the positive association with farming.29
DESCRIPTION OF EXPOSED JOBS
The sample included 125 subjects, 34 cases (15%), and 91 controls (21%), who had been exposed to benzene for at least one hour a month during one of their jobs. In that population, only two cases and five controls had been exposed to pure benzene. The other subjects were exposed to mixtures containing benzene (petrol, benzine, or non-dearomatised Stoddart solvent).
Exposures covered 252 exposed job periods, 17 (7%) of which were associated with a high level of exposure and 127 (50%) with a moderate level of exposure. Sixty two job periods (25%) were assigned an exposure > 1 "ppm" for more than three hours a week and 65 job periods (26%) were assigned the same exposure for one to three hours a week. High school or university graduate 16 16 No significant differences existed between cases and controls.
*Including farm owners. Farmers andforesters 38-5 28-7 1-7 (1-2-2-5) ** **P < 0-01; *** P < 0-001. OR estimated with conditional logistic regression v unexposed. Table 4 shows the distribution of the main jobs classified as exposed to benzene as a function of exposure level and the duration (working time) of exposure to > 1 "ppm".
The rare cases who used pure benzene were encountered among former chemistry laboratory workers. Low level exposure was never involved, but none of the jobs resulted in exposures > 1 "ppm" for more than three hours a week. However, peak exposures of > 1000 "ppm" probably occurred. Employment as a histologist (not cited in Table 4 Description of main job periods exposed to benzene in the study sample Numbers do not add to the number of exposed jobs where quantitative data were missing. To a lesser degree, metal part degreasing and was associated with HCL. Having held any of hand cleaning with petrol were also conducted those jobs was associated with an OR (95% CI) by machine tool operators and electricians. The of 0-9 (06-1-3) after adjustment for smoking sample included only one clock maker who (smoker, ex-smoker, or non-smoker) and for a used benzine in small quantities.
history of agricultural employment (farming for Overall, the median for mean exposures in at least six months). the population of exposed subjects was 0-2
The OR associated with all exposures to ben- Table 5 shows the ORs associated with the jobs is, mean exposure in the most exposed jobor industrial sectors for which exposure was ini-cumulative exposure, mean weekly frequency of tially considered probable. None of these jobs exposure to > 1 "ppm", number of hours of Table 6 work with exposure to > 1 "ppm" throughout life) enabled an OR significantly > 1 to be found for the highest exposures. No trend towards an increase was found. The highest exposures reported in the study population were relatively low: the mean exposures estimated for the most exposed jobs were never > 1 "ppm" and the cumulative exposures were never > 45 "ppm"-years. Benzene exposure peaks > 30 "ppm" were only estimated for three cases and three controls. There was no evidence of an association with any of the temporal variables, time since first exposure, time since the end of exposure, and duration of exposure (table 7) . Moreover, if only those exposures occurring at least five years before diagnosis are considered, the ORs remain close to unity (OR 0-8 (0-5-1-2) for benzene exposure irrespective of exposure source or level).
The data available to the experts were insufficient to enable assessment of the exposure of painters before the dearomatisation of the mineral spirits used in the paint trade. The analysis in 
